
QfiBce I 



JO/523557 
pcT/6B2R?9'8fcf?0 01 2005 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
CardiflFRoad 
Newport 
South ^ 



29AUG2iM3 



WIPQ 



PCT 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

r also certify that by virtue of an assignment registered under the Patents Act 1 977, the application 
is now proceeding m the name as substituted. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has re-registered under the Companies Act 1 980 
with the same name as that with which it was registered immediately before re-registration save 
for the substitution as, or inclusion as, the last part of the name of the words "public limited 
company" or their equivalents in Welsh, references to the name of the company ui tliis certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 



In accordance ^vith the rules, the words "public limited company" may be replaced by p.l.c, pic, 
P.L.C. or PLC. 



istration under the Companies Act does not constitute a new legal entity but merely 
the company to certain additional company law rules. 





Signed 



Dated 14 August 2003 



An Executive Agency of the DepartoiMit of Trade and Industry 



OCT 

ifn 

CO 



d 
o 





% Qflice I 



o 



INVESTOR IN PEOPLE 



GB0217801.0 



By virtue of a direction giv<ai under Section 30 of the Patents Act 1977, the application is proceeding in the 

JOHNSON MATTHEY PLC, 
2-4 Cockspxir Street, . 
Trafalgar Square, 
. LONDON, 
SWIY 5BQ, 
United Kingdom 

Incorporated in the United Kingdom 
[ADPNo. 08519803001] 



An Executive Agency of the Department of Trade and Industry 



I^^ts Act 1997 

(KSSIe 16) 



/ff^E PATENT OFFICE 
A Pa 

-1 AUG 2002 - 



The 
fice 



t 



.1 Oi8U002 tWm-i 002S77-. 



Request for graft* 

(see the notes on the back ofthis/oniu You can also get 
an explanatory leaflet from the Patent office to help 
you fill Ui this form) 

1 Your reference 



The Patent Office 

Cardiff Road 
Newport 
Gwent NP9 IRH 



2 Patent application number 

(The Patent Office will fill in this part) 

3 



0217801.0 



Full name, address and postcode of the or of 
each applicant (underline all surnames) 

Patents ADP Number (if you know it) 



iiyLKtiKJAL UHiiMi(;A£;^DUSTRIES PLC 
20 Manchester.aciJrare 
London V^WKU 



If the applicant is a corporate body, give the 

country/state of its incorporation 

Title of the invention 



United Kingdom 



HYDROGEN 



5 Name of Your Agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 
(including the postcode) 



Patents ADP Number (if you know it) 



GIBSON. Sara Hillary Margaret 

Synetix Intellectual Property Department 

PO Box l,RoomN101 

Belasis Avenue 

Biilingham 

Cleveland 

England, TS23 ILB 

-7^ ll-SA-Cs^^^^?- : 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or each of these 
earlier applications and (if you know it) the or each 
application number 



Country Priority Application number Date of Filing 

(if you know it) (day /month /year) 



7 If this application is divided or otherwise derived from an 
earlier UK application, give the number and filing date of 
the earlier application 



Number of earlier application 



Date of Filing 
(day / month /year) 



Is a statement of inventorship and of right to grant of a 
patent required in support of this request? 

Answer yes if: 

a) any applicant named in pari 3 is not an inventor, or 

b) there is an inventor who is not named as an applicant^ or 

c) any named applicant is a corporate body. 
See Note (d) 



Yes 



Patents Form 1/77 



PatenkForm 1/77 



Enter the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 



Description QJ^' 
Claim(s) 1 ^ 



Abstract 1 ^ 

Drawings 



1 0 If you are also filing any of the following 
state how rriany against each item 

Priority documents 
Translations of priority documents 

Statement of Invention and 
right to grant of a patent {Patents Form 7/77) 
Request for Preliminary Examination 
and search (Patents Form 9/77) 

Request for Substantive Examination 
(Patents Form 10/77) 

Any other documents 
(Please specify) 

J J I/We request the grant of a patent on the basis of this application 

IMPERIAL CHEMICAL INDUSTRIES PLC 



29.07.2002 



SARA HILLARY MARGARET GIBSON 



12 Name and daytime telephone number of c^-^a^r, 

person to contact in the United Kingdom 01642 5Z20^u ^ ^ 

Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication or 
communication ofthe invention shoM be prohibited or ^^^^^^ 

it is necessmy to prohibit or restrict your invention in this way Furthermore, if you live in the Vmted Kingdom Section23 of the 
Patents Act J 977 stops you from applying for a patent abroad without first getting written permission from the Patent Office unless 
an application has been filed at least 6 weeks beforehand in the United Kingdom for a patent for the same invention and either no 
direction prohibiting publication or communication has been issued, hr any such direction has been revofced 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent OfiFice on 0645 500505 

b) Write your answers in capital letters using black ink or you may type them. 

If there is not enough space for all the relevant details on any part of this form, please continue on a sepa^te sheet of paper 
and write "see continuation sheef in the relevant part(s). Any continuation sheet should be attached to this form. 

d) If you answered 'Yes' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it 

f) For details of (he fee and ways to pay please contact the Patent Office. 

Patents Form 1/77 



SYN 5,1065 



I Hydrogen 

The present Invention relates to hydrogen and in particular to the production of 
hydrogen-containing gas streams. Such gas streams are often made by partial oxidation 
and/or steam reforming of a suitable carbonaceous feedstock, to produce a gas stream 
5 containing hydrogen and carbon oxides. In order to Increase the hydrogen content and 
decrease the carbon monoxide content, the gas stream Is then often subjected to the shift 
reaction wherein carbon monoxide is reacted with steam to produce carbon dioxide and 
hydrogen. Suitable carbonaceous feedstocks include hydrocarbons such as naphtha and 
natural gas and hydrocarbon derivatives, e.g. oxygen-containing compounds such as methanol 
10 or dimethyl ether. 

The shift reaction may be effected using a copper-containing catalyst, often a 
composition containing copper, zinc oxide and carbon or one or more oxides selected from 
alumina, silica, rare earth oxides, chromia, zlrconla, titania, Iron oxide and magnesia. 

One application of the above process Is In the production of hydrogen streams for use as 
15 fuel for fuel cells, for example for mobile applications such as electrically powered vehicles. In 
such applications there is liable to be frequent shut-down and start-up of the hydrogen 
production process. It has been found that during such shut-downs, there Is a risk that a small 
amount of air enters into the system and this is liable to oxidise and de-activate the copper- 
containing shift catalyst. 

20 Although the oxidised copper species will generally be re-reduced to copper metal upon 

restart of the hydrogen production process by the action of the hydrogen present in the feed to 
the shift reactor, there Is a risk that the shift activity will decrease significantly with time. 

In the present invention this problem Is overcome by employing a bed of an oxygen 
scavenger immediately upstream of the shift catalyst. By "immediately upstream" we mean 

25 that there is no process step, e.g. heating or cooling, to which the process gas is subjected 
after passage through the bed of oxygen scavenger and before entering the shift catalyst. 

Accordingly the present invention provides a process for the production of a hydrogen- 
containing gas stream including the shift reaction wherein a gas stream containing carbon 
monoxide and steam is passed through a bed of a shift catalyst containing, in the reduced 

30 state, at least 15% by weight of copper, characterised in that. Immediately upstream of said 
shift catalyst, the gas stream is passed through a bed of an oxygen scavenger comprising an 
oxidisable composition containing copper and/or iron or iron oxide that is dissimilar to said shift 
catalyst. 

The oxygen scavenger may itself be a shift catalyst e.g. a reduced Iron oxide/chromia 
35 composition, optionally also containing copper, or be a copper-containing composition 
exhibiting some shift activity. In this case there will be in effect two or more beds of shift 
catalyst of differing compositions with the inlet bed acting primarily as the oxygen scavenger. 




It has been proposed In WO 00/17096 to have a bed of a copper-containing shift catalyst 
upstream of an Iron oxide-containing shift catalyst. In that reference the purpose of the copper- 
containing shift catalyst bed was to effect some shift reaction before the gas stream 
encountered the Iron oxide-containing shift catalyst In order to avoid reaction conditions 



5 conducive to over-reduction of the iron oxide-containing shift catalyst: That reference also 
discloses that, after passage through the iron oxide containing shift catalyst, the process gas 
may be cooled and then subjected to the low temperature shift reaction using a conventional 
low temperature shift catalyst. In contrast thereto, in the present invention, the oxygen 
scavenger bed is immediately upstream of the copper-containing shift catalyst, I.e. there is no 
10 cooling of the process gas after it has passed through the oxygen scavenger bed and before it 
enters the copper-containing shift catalyst 

The oxygen scavenger will normally be in the reduced state during normal operation of 
the hydrogen-producing process and will oxidise in the event of ingress of air during or after a 
shut-down procedure. Upon re-start of the hydrogen production, the scavenger will generally 
15 be re-reduced and so regenerated in readiness for the next shut-down. 

The oxygen scavenger composition may be a bed of a high copper content composition 
such as a methanol synthesis catalyst, e.g. a composition containing copper and one or more 
stabilising oxides such as zinc oxide, alumina, magnesia, chromla, zirconia, titania or rare earth 
oxides and containing at least 50% by weight of copper when in the reduced state. Such 
20 materials generally have a relatively high copper surface area per gram of catalyst and so have 
a high capacity for absorbing oxygen. The high surface area agglomerates described in 
US 4871710 and made by agglomerating co-precipitated copper, zinc and aluminium 
compounds may. after reduction, also be used as the copper-containing oxygen scavenger. 
Yet another copper-containing oxygen scavenger that may be used is the product of reducing 
25 the alumina/copper carbonate agglomerates described in US 5853681 . Alternatively copper 
supported on carbon or silica may be employed. 

However high copper-content compositions having a high copper surface area (e.g. 
above about 40 m^ per gram of the reduced scavenger composition) may lack adequate 

phy s ic al st rg^ng^h tn wi thstand repeated oxidation/reduction cvcies in some applications. 

30 In such a case it may be desirable to employ a copper-containing composition of greater 

physical strength. Thus a suitable support having the desired physical strength may be 
irripregnated or coated with a composition containing a suitable copper species: the coated or 
irnpregnated support is subsequently subjected to a reduction step to convert the copper 
species to metallic copper. In a preferred system however, the oxygen scavenger is the 
35 product of reducing a precursor comprising copper compounds supported on shaped units of a 
material such as alumina or a calcium alumlnate cement Such a precursor may be produced 
by Impregnating the support with a solution of a themially decomposable copper compound, 
and optionally other components such as zinc, magnesium, aluminium and/or chromium 
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compounds, followed by calcination of the impregnated support to deconr»pose the copper 
compound, and possibly other components, to the oxidic state. Alternatively the support 
material may be coated with a slurry of precipitated, themially decomposable, copper 
compounds, and possibly other components as aforesaid, dried, and then calcined to convert 

5 the thermally decomposable compounds to the oxidic form. Preferably such oxygen 

scavengers, after reduction, contain 3 to 15% by weight of copper. The oxygen scavenger may 
be in the form of a random packed bed of pellets of the support, which may be a macroporous 
foam as described in US 4810685, or monolithic, e.g. a honeycomb or a macroporous foam as 
aforesaid, to which the catalytic material has been applied, for example by impregnation or 

10 coating. One method of forming suitable impregnated oxygen scavengers involves 

impregnating a transition alumina support with an ammoniacal copper carbonate complex 
followed by heating to decompose that complex. 

The shift catalyst contains, in the reduced state, at least 15% by weight of copper and 
typically comprises the product of reducing pellets formed from a calcined composition of co- 

15 precipitated copper, zinc and aluminium and/or chromium compounds, e.g. oxides, hydroxides 
or basic carbonates. Often such catalysts (In the reduced state) contain 20-50% by weight of 
copper Other components such as magnesium or manganese compounds may be 
incorporated. 

The oxygen scavenger and/or shift catalyst may be charged to the reactor in which the 
20 process is to be effected as precursors in the oxidised state and then reduced in situ. The 
reduction may be effected using the process gas. e.g. from steam reforming, as the gas used 
to effect reduction. However there is a risk that this will result overheating of the copper- 
containing shift catalyst and hence loss of activity thereof. Reduction using a gas stream 
containing only a small proportion of hydrogen, e.g. less than 10% by volume of hydrogen is 
25 therefore preferred. Since this may be inconvenient for some applications, e.g. where the shift 
reactor is part of a mobile unit, it may be preferable to employ a pre-reduced shift catalyst. 
US 5928985 describes a process, using carbon dioxide and oxygen, to effect passivation of 
copper catalysts. After charging the pre-reduced and passivated shift catalyst, the latter can be 
re-reduced to the active state using the hydrogen-containing process gas without undue 
30 heating of the catalyst. Upon shut-down the oxygen scavenger acts to minimise the oxidation 
of the shift catalyst and so re-reduction of the latter thereafter is unnecessary and/or can be 
effected with the process gas without undue overheating. Furthermore, providing the 
proportion of oxygen scavenger employed is relatively small, re-reduction of the latter after a 
shut down can be effected with the process gas without undue overheating. Also, if the oxygen 
35 scavenger contains a relatively small proportion of copper on a support, the support acts as a 
heat sink to minimise the risk of overheating, thus enabling reduction to be effected with the 
process gas. 
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The amount of oxygen scavenger employed in relation to the amount of shift catalyst will 
depend upon the nature of the oxygen scavenger and the expected amount of oxygen Ingress. 
Preferably the volume of oxygen scavenger is 5 to 20%, preferably 5 to 10%, of the volume of 
the shift catalyst. 

6 The shift process is preferably effected at a pressure In the range 1 to 30 bar abs and at 

an inlet temperature In the range 120"C to 280*C. particularly 150*C to 260X. Heat evolved in 
the shift reaction may be recovered and used to provide heat required elsewhere In the 
hydrogen production process, e.g. for pre-heating the feedstock and/or for providing steam 
required for reforming. 

10 In a typical fuel cell application, the shift stage will form part of a hydrogen production 

train including partial oxidation and/or steam refomning of a suitable feedstock as indicated 
above. The shift stage will nomnally be followed by a stage of selective oxidation of any 
residual carbon monoxide. If the fuel cell is of a type that is de-activated by carbon dioxide, a 
step of carbon dioxide removal will be employed after the shift stage. In this case residual 

15 carbon oxides can be removed by methanation and selective oxidation of the carbon monoxide 
Is then not necessary. 





1. A process for the production of a hydrogen-containing gas stream including the shift 
reaction wherein a gas stream containing carbon monoxide and steam is passed 
through a bed of a shift catalyst containing, in the reduced state, at least 16% by weight 
of copper, characterised in that, immediately upstream of said shift catalyst, the gas 
stream is passed through a bed of an oxygen scavenger comprising an oxidisable 
composition containing copper and/or iron or iron oxide that is dissimilar to said shift 
catalyst. 

.2. A process according to claim 1 wherein the shift catalyst, in the reduced state, contains 
20 to 50% by weight of copper. 

3. A process according to claim 1 or claim 2 wherein the oxygen scavenger, in the reduced 
state, contains at least 50% by weight of copper. 

4. A process according to claim 1 or claim 2 wherein the oxygen scavenger comprises the 
product of reducing copper compounds supported on shaped units formed from alumina 
or a calcium aluminate cement. 

5. A process according to claim 4 wherein the oxygen scavenger, after reduction, contains 
3 to 15% by weight of copper. 

6. A process according to any one of claims 1 to 5 wherein the volume of oxygen 
scavenger is 5 to 20% of the volume of the shift catalyst. 




Abstract 



Production of a hydrogen-containing gas stream by subjecting a gas stream containing 
carbon monoxide and steam to the shift reaction using a shift catalyst containing, in the 
reduced state, at least 15% by weight of copper, wherein, immediately upstream of the shift 
catalyst, the gas stream is passed through a bed of an oxygen scavenger comprising an 
oxidisable composition containing copper and/or iron or iron oxide that is dissimilar to said 
shift catalyst 



# 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



U BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



LINES OR MARKS ON ORIGINAL DOCUMENT 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 





□ OTHER: 



